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Fusion Proteins Comprising MGF and IL-3 

5 

BACKGROUND OF THE INVENTION 
The present invention relates to fusion proteins for stimulating growth of 
hematopoietic cells, and more particularly to the construction of fusion proteins comprising 
MGF and IL-3. 

.10 Hematopoietic growth factors (or hematopoietins) regulate the growth and 

maturation of various lineages of blood cells. All blood cells are believed to develop from a 
single class of precursor cells called stem cells. Each hematopoietin causes specific classes 
of blood cells to differentiate and proliferate. When a stem cell divides in the bone marrow, 
it can replicate itself as a stem cell or become committed to a particular developmental 

15 pathway. As a result of commitment to a particular developmental pathway, a stem cell 
displays receptors on its cell surface that enables it to respond to certain hormonal signals. 
Such signals push the cell further down a pathway leading to terminal differentiation. 

A number of hematopoietins have been identified which regulate cell development at 
various levels within the hematopoietic stem and progenitor cell hierarchy. The majority of 

20 growth factors that have been identified influence relatively late stages of differentiation and 
regulate the number and function of mature differentiated hematopoietic elements. 
Interleukin-3 ("IL-3" or "multi-CSF)). for example, stimulates formation of a broad range 
of hematopoietic cells, including granulocytes, macrophages, eosinophils, mast cells, 
megakaryocytes and eiythroid cells. IL-3 has been identified, isolated and molecularly 

25 cloned (EP Publ. Nos. 275,598 and 282,185). Recently, a Mast Cell Growth Factor 
("MGF'), which controls very early progenitors in the hematopoietic hierarchy, has been 
identified, isolated and molecularly cloned (Williams et al., Cell 63:167, 1991; Anderson et 
si., Cell 65:235, 1991). 

Preclinical studies indicate that such hematopoietins may be useful in treating 

30 various cytopenias, potentiating immune responsiveness to infectious pathogens, and 
assisting in reconstituting normal blood cell populations following viral infection or 
radiation or chemotherapy-induced hematopoietic cell suppression. MGF, in particular, 
because of its early effect on hematopoietic cells, is likely to be useful for treating aplastic 
anemia. In order to determine their optimal therapeutic potential, the effect of various 

35 combinations of such proteins on hematopoietic cells has been the subject of considerable 
study. 
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frame, where the same do not interfere with manipulation or expression of the coding 
regions. 

"Nucleotide sequence" refers to a heteropolymer of deoxyribonucleotides. DNA 
sequences encoding the proteins provided of this invention can be assembled from cDNA 
5 fragments and short oligonucleotide linkers, or from a series of oligonucleotides, to 
provide a synthetic gene which is capable of being expressed in a recombinant 
transcriptional unit. 

"Recombinant expression vector" refers to a replicable DNA construct used either to 
amplify or to express DNA which encodes the fusion proteins of the present invention and 
10 which includes a transcriptional unit comprising an assembly of (1) a genetic element or 
elements having a regulatory role in gene expression, for example, promoters or enhancers, 
(2) a structural or coding sequence which is transcribed into mRNA and translated into 
protein, and (3) appropriate transcription and translation initiation and termination 
sequences. Structural elements intended for use in yeast expression systems preferably 
15 include a leader sequence enabling extracellular secretion of translated protein by a host 
cell. Alternatively, where recombinant protein is expressed without a leader or transport 
sequence, it may include an N-terminal methionine residue. This residue may optionally be 
subsequently cleaved from the expressed recombinant protein to provide a final product. 
"Recombinant microbial expression system" means a substantially homogeneous 
20 monoculture of suitable host microorganisms, for example, bacteria such as E. coli or yeast 
such as S. cerevisiae, which have stably integrated a recombinant transcriptional unit into 
chromosomal DNA or carry the recombinant transcriptional unit as a component of a 
resident plasmid. Generally, cells constituting the system are the progeny of a single 
ancestral transformant. Recombinant expression systems as defined herein will express 
25 heterologous protein upon induction of the regulatory elements linked to the DNA sequence 
or synthetic gene to be expressed. 

M^Pd! Growth Factor 

The term mast cell growth factor ("MGF") refers to proteins having substantially 

30 the same characteristics of MGF in that they are capable of binding to receptors for MGF or 
transducing a biological signal initiated by binding to MGF receptors, or cross-reacting 
with anti-MGF antibodies raised against MGF. MGF includes a family of mammalian 
polypeptides which are capable of stimulating IL-3 dependent mast cell lines and 
hematopoietic progenitor cells, and serve as a ligand for the gene product of the c-*ir proto- 

35 oncogene. MGF polypeptides and DNA sequences encoding MGF polypeptides are 
disclosed, for example, in Anderson et al., Cell 63:235, 1991; Martin et al., Cell 65:203, 
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X n X n X n Cys Arg Asn Arg Val Thr Asn Asn 
Val Lys Asp Val Thr Lys Leu Val Ala Asn Leu Pro Lys Asp Tyr 
Met lie Thr Leu Lys Tyr Val Pro Gly Met Asp Val Leu Pro Ser 
5 His Cys Trp He Ser Glu Met Val Val Gin Leu Ser Asp Ser Leu 

Thr Asp Leu Leu Asp Lys Phe Ser Asn He Ser Glu Gly Leu Ser 
Asn Tyr Ser He He Asp Lys Leu Val Asn He Val Asp Asp Leu 
Val Cys R 2 Q Glu Asn Ser Ser Lys Asp Leu Lys Lys Ser 
Phe Lys Ser Pro Glu Pro Arg Leu Phe Thr Pro Glu Glu Phe Phe 
10 Arg He Phe Asn Arg Ser He Asp Ala Phe Lys Asp Phe Val Val 

Ala Ser Glu Thr Ser Asp Cys X n X n X n X n X n X n X n X n 
X n X n 

wherein n is 0 or 1, X is any naturally occurring amino acid; R j is any amino acid except 
15 Glu; R2 is any amino acid except Val; and Q is Lys or Arg to provide human specificity, or 
is Glu to provide murine specificity. Such MGF proteins may be use to provide the MGF 
domains of the fusion proteins of the present invention. 

Interleukin-3 

20 The term "^-3" refers to proteins having substantially the same characteristics of 

IL-3 in that they are capable of binding to receptors for DL-3 or transducing a biological 
signal initiated by binding to IL-3 receptors, or cross-reacting with anti-IL-3 antibodies 
raised against IL-3. Such sequences arc disclosed, for example, in EP Publ. Nos. 275,598 
and 282,185. The term "IL-3 n specifically includes analogs or subunits of native 

25 mammalian IL-3 polypeptides with substantially identical or substantially similar amino 
acid polypeptide sequences which exhibit at least some biological activity in common with 
native IL-3. Exemplary analogs of EL-3 are also disclosed in EP PubL No. 282,185. 
Particularly preferred fonns of DL-3 which may be fused to MGF in accordance with the 
present invention include huIL-SfProSAsp^Asp™], huIL-3[Sei*Aspl5Asp 7 0], and huEL- 

30 3[Ser»]. A DNA sequence encoding another IL-3 protein suitable for incorporation into 
fusion proteins as described herein is on deposit with ATCC under accession number 
ATCC 67747. Other forms of IL-3 may also be used to provide the IL-3 domain of the 
fusion proteins of the present invention. 
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Fusion Proteins Comprising MGF and IL-3 

As used herein, the term "fusion protein" refers to a Oterminal to N-terminal fusion 
of MGF and IL-3. The fusion proteins of the present invention include constructs in which 
the C-terminal portion of MGF is fused to the N-terminal portion of IL-3, and also 
5 constructs in which the C-terminal portion of IL-3 is fused to the N-terminal portion of 
MGF. MGF is linked to IL-3 in such a manner as to produce a single protein which retains 
the biological activity of MGF and IL-3. In preferred aspects, MGF is linked to IL-3 via a 
linker sequence. 

Examples of fusion proteins comprising MGF and IL-3 are shown in the 

10 accompanying Sequence Listing. SEQ ID NO:l shows the nucleotide sequence and 
corresponding amino acid sequence of a human IL-3/MGF fusion protein, referred to as 
PKY521. The fusion protein comprises human IL-3 (amino acids 1-133) linked to human 
MGF (amino acids 145-301) via a linker sequence (amino acids 134-144). SEQ ID NO:3 
shows a nucleotide sequence and corresponding amino acid sequence of a human MGF/IL- 

15 3 fusion protein. The fusion protein comprises human MGF (amino acids 1-157) linked to 
human IL-3 (amino acids 171-303) via a linker sequence (amino acids 158-170). 

Equivalent fusion proteins may vary from the sequence of SEQ ID NO:l and SEQ 
ID NO:3 by one or more substitutions, deletions, or additions, the net effect of which is to 
retain biological activity of the protein when derived as a fusion protein comprising MGF 

20 and IL-3. Alternatively, DNA analog sequences are equivalent to the specific DNA 
sequences disclosed herein if: (a) the DNA analog sequence comprises sequences derived 
from a biologically active fragments of the native IL-3 and MGF genes; or (b) the DNA 
analog sequence is capable of hybridization to DNA sequences of (a) under high or 
moderate stringent conditions and encodes biologically active MGF and IL-3 molecules; or 

25 (c) DNA analog sequence is degenerate as a result of the genetic code to the DNA analog 
sequences defined in (a) or (b) and which encode biologically active MGF and IL-3 
molecules. 

Moderate stringency hybridization conditions, as defined herein and as known to 
those of skill in the art, refer to conditions described in, for example, Sambrook et al. 

30 Molecular Cloning: A Laboratory Manual, 2 Ed VoL 1 pages L101-L104 (Cold Spring 
Harbor Laboratory Press 1989). Exemplary conditions of moderate stringency are 
prewashing with 5 x SSQ 0.5% SDS, 1 mM EDTA (pH 8-0) and overnight hybridization 
at 50*C in 2 X SSC. Exemplary severe or high stringency conditions are overnight 
hybridization at about 68*C in a 6 x SSC solution, washing at room temperature with 6 x 

35 SSC solution, followed by washing at about 68'C in a 0.6 x SSC solution. 
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Construction of cDN A Sequences Encoding Fusion Proteins Comprising MGF and IL-3 

A DNA sequence encoding a fusion protein is constructed using recombinant DNA 
techniques to assemble separate DNA fragments encoding MGF and IL-3 into an 
* appropriate expression vector. For example, the 3' end of a DNA fragment encoding MGF 

5 is ligated to the 5' end of the DNA fragment encoding IL-3, with the reading frames of the 
sequences in phase to permit mRNA translation of the sequences into a single biologically 
active fusion protein. The resulting protein is fusion protein comprising MGF and IL-3. 
Alternatively, the 3' end of a DNA fragment encoding IL-3 may be ligated to the 5' end of 
the DNA fragment encoding MGF, with the reading frames of the sequences in phase to 

10 permit mRNA translation of the sequences into a single biologically active fusion protein. 
The regulatory elements responsible for transcription of DNA into mRNA are retained on 
the first of the two DNA sequences, while binding signals or stop codons, which would 
prevent read-through to the second DNA sequence, are eliminated. Conversely, regulatory 
elements are removed from the second DNA sequence while stop codons required to end 

15 translation arc retained. 

In preferred aspects of the present invention, means are provided for linking the 
MGF and DL-3 domains, preferably via a linker sequence. The linker sequence separates 
MGF and IL-3 domains by a distance sufficient to ensure that each domain properly folds 
into its secondary and tertiary structures. Suitable linker sequences (1) may adopt a flexible 

20 or a more rigid, extended conformation, (2) will not exhibit a propensity for developing an 
ordered secondary structure which could interact with the functional MGF and IL-3 
domains, and (3) will have minimal hydrophobic or charged character which could promote 
interaction with the functional protein domains. Typical surface amino acids in flexible 
protein regions include Gly, Asn and Ser. Virtually any permutation of amino acid 

25 sequences containing Gly, Asn and Ser would be expected to satisfy the above criteria for a 
linker sequence. Other near neutral amino acids, such as Thr and Ala, may also be used in 
the linker sequence. 

The length of the linker sequence may vary without significantly affecting the 
biological activity of the fusion protein. For example, the MGF and IL-3 proteins may be 

30 directly fused without a linker sequence. Linker sequences are unnecessary where the 
proteins being fused have non-essential N- or C-terminal amino acid regions which can be 
used to separate the functional domains and prevent steric interference. In one preferred 
embodiment of the present invention, the C-terminus of MGF may be directly fused to the 
N-terminus of IL-3. Full-length hMGF has 47 and A28 hMGF has 19 amino acids 

35 following the C-terminal cysteine residue in the extracellular region, which is involved in 
disulfide bonding and is essential for proper folding of the protein. EL-3 has 15 amino 
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Peptides may also be added to facilitate purification or identification of MGF/IL-3 
fusion proteins (e.g., poly-His). For example, in a preferred embodiment of the present 
invention, the amino acid sequence of the fusion protein is linked to the peptide Asp-Tyr- 
Lys-Asp-Asp-Asp-Asp-Lys (DYKDDDDK) (Hopp et al., Bio/Technology 6:1204, 1988). 
The latter sequence is highly antigenic and provides an epitope reversibly bound by a 
specific monoclonal antibody, enabling rapid assay and facile purification of expressed 
recombinant protein. This sequence is also specifically cleaved by bovine mucosal 
enterokinase at the residue immediately following the Asp-Lys pairing. Fusion proteins 
capped with this peptide may also be resistant to intracellular degradation in E. coli. 

Fusion protein derivatives may also be used as immunogens, reagents in receptor- 
based immunoassays, or as binding agents for affinity purification procedures of binding 
ligands. Derivatives may also be obtained by cross-linking agents, such as M- 
maleimidobenzoyl succinimide ester and N-hydroxysuccinimide, at cysteine and lysine 
residues. Fusion proteins may also be covalenUy bound through reactive side groups to 
15 various insoluble substrates, such as cyanogen bromide-activated, bisoxirane-activated, 
carbonyldiimidazole-activated or tosyl-activatcd agarose structures, or by adsorbing to 
polyolefin surfaces (with or without glutaraldehyde cross-linking). 

The present invention also includes proteins with or without associated native- 
pattern glycosylate. Expression of DNAs encoding the fusion proteins in bacteria such 
20 as E. coli provides non-glycosylated molecules. Functional mutant analogs having 
inactivated N-glycosylation sites can be produced by oligonucleotide synthesis and ligation 
or by site-specific mutagenesis techniques. These analog proteins can be produced in a 
homogeneous, reduced-carbohydrate form in good yield using yeast expression systems. 
N-glycosylation sites in eukaryotic proteins are characterized by the amino acid triplet Asn- 
25 Ai-Z, where Ai is any amino acid except Pro, and Z is Ser or Thr. In this sequence, 
asparagine provides a side chain amino group for covalent attachment of carbohydrate. 
Such a site can be eliminated by substituting another amino acid for Asn or for residue Z, 
deleting Asn or Z, or inserting a non-Z amino acid between Ai and Z, or an amino acid 
other than Asn between Asn and A h Human MGF has three possible glycosylate sites at 
30 amino acids 209-211, 216-218, 237-239 and 264-266 (SEQ ID NO:l) which may be 
removed. Examples of human IL-3 analogs in which glycosylate sites have been 
removed include huIL-3[Pro8Aspl5Asp™], huIL-3[Asp70], huIL-3[Asp»5Asp70], huIL- 

3[Pro8Aspl5], huIL-3[Pro8Asp7<>], and huIL-3[Aspl5] (S EQ ID NO:l). 

Derivatives and analogs may also be obtained by mutations of me fusion protein. A 

35 derivative or analog, as referred to herein, is a polypeptide in which the MGF and IL-3 
domains are substantially homologous to the extracellular region of MGF and the full- 
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length IL-3 of the sequences disclosed in SEQ ID NO:l but which has an amino acid 
sequence difference attributable to a deletion, insertion or substitution. 

Bioequivalent analogs of fusion proteins may be constructed by, for example, 
making various substitutions of residues or sequences. For example, cysteine residues can 
5 be deleted or replaced with other amino acids to prevent formation of incorrect 
intramolecular disulfide bridges upon renaturation. Other approaches to mutagenesis 
involve modification of adjacent dibasic amino acid residues to enhance expression in yeast 
systems in which KEX2 protease activity is present. Generally, substitutions should be 
made conservatively; i.e., the most preferred substitute amino acids are those having 

10 physicochemical characteristics resembling those of the residue to be replaced. Similarly, 
when a deletion or insertion strategy is adopted, ue potential effect of the deletion or 
insertion on biological activity should be considered. 

Mutations in nucleotide sequences constructed for expression of analogs must, of 
course, preserve the reading frame phase of the coding sequences and preferably will not 

15 create complementary regions that could hybridize to produce secondary mRNA structures 
such as loops or hairpins which would adversely affect translation of the MGF/IL-3 
receptor mRNA. Although a mutation site may be predetermined, it is not necessary that 
the nature of the mutation per se be predetermined. For example, in order to select for 
optimum characteristics of mutants at a given site, random mutagenesis may be conducted 

20 at the target codon and the expressed mutants screened for the desired activity. 

Not all mutations in nucleotide sequences which encode fusion proteins comprising 
MGF and IL-3 will be expressed in the final product, for example, nucleotide substitutions 
may be made to enhance expression, primarily to avoid secondary structure loops in the 
transcribed mRNA (see EPA 75,444A, incorporated herein by reference), or to provide 

25 codons that are more readily translated by the selected host, e.g., the well-known E. coli 
preference codons for E. coli expression. 

Mutations can be introduced at particular loci by synthesizing oligonucleotides 
containing a mutant sequence, flanked by restriction sites enabling ligation to fragments of 
the native sequence. Following ligation, die resulting reconstructed sequence encodes an 

30 analog having the desired amino acid insertion, substitution, or deletion. 

Alternatively, oligonucleotide-directed site-specific mutagenesis procedures can be 
employed to provide an altered gene having particular codons altered according to the 
substitution, deletion, or insertion required. Exemplary methods of making the alterations 
set forth above are disclosed by Walder et al. {Gene 42:133, 1986); Bauer et al. (Gene 

35 57:73, 1985); Craik (BioTechniques, January 1985, 12-19); Smith et al. (Genetic 
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Engineering: Principles and Methods, Plenum Press, 1981); and U.S. Patent Nos. 
4,518,584 and 4,737,462, and are incorporated by reference herein. 

Eaasssiac r f Pr™™ hinant pnrinn Proteins CamBrisiog MQE and il- 3 

5 The present invention provides recombinant expression vectors which include 

synthetic or cDNA-derived DNA fragments encoding human fusion proteins comprising 
MGF and IL-3 or bioequivalent analogs operably linked to suitable transcriptional or 
translational regulatory elements derived from mammalian, microbial, viral or insect genes. 
Such regulatory elements include a transcriptional promoter, an optional operator sequence 
10 to control transcription, a sequence encoding suitable mRNA ribosomal binding sites, and 
sequences which control the termination of transcription and translation, as described m 
detail below. The ability to replicate in a host, usually conferred by an origin of replicauon, 
and a selection gene to facilitate recognition of transformants may additionally be 
incorporated. DNA regions are operably linked when they are functionally contiguous to 
15 each other. For example, DNA for a signal peptide (secretory leader) is operably linked to 
DNA for a polypeptide if it is expressed as a precursor which participates in the secretion of 
the polypeptide; a promoter is operably linked to a coding sequence if it controls the 
transcription of the sequence; or a ribosome binding site is operably linked to a coding 
sequence if it is positioned so as to permit translation. Generally, operably linked means 
20 contiguous and, in the case of secretory leaders, contiguous and in reading frame. 

Due to code degeneracy, there can be considerable variation in nucleotide 
sequences encoding the same MGF or IL-3 amino acid sequence; exemplary DNA 
embodiments are those corresponding to the nucleotide sequences shown in SEQ ID NO:l 
or SEQ ID NO:3. Other embodiments within the scope of the present invention include 
25 nucleotide sequences which encode fusion proteins comprising MGF and IL-3, in which 
the MGF and IL-3 encoding regions are capable of hybridizing to the respective MGF and 
IL-3 nucleotide regions of SEQ ID NO:l or SEQ ID NO:3 under moderate or high 
stringency conditions and which encode biologically active fusion proteins. 

Transformed host cells are cells which have been transformed or transfected with 
30 fusion protein vectors constructed using recombinant DNA techniques. Transformed host 
cells ordinarily express the desired fusion protein, but host cells transformed for purposes 
of cloning or amplifying DNA do not need to express the protein. Expressed fusion 
protein will generally be secreted into the culture supernatant. Suitable host cells for 
expression of fusion protein include prokaryotes, yeast or higher eukaryotic cells under the 
35 control of appropriate promoters. Prokaryotes include gram negative or gram positive 
organisms, for example E. coli or bacilli. Higher eukaryotic cells include established cell 
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Kluyveromyces may also be employed. Yeast vectors will generally contain an origin of 
replication from the 2u yeast plasmid or an autonomously replicating sequence (ARS), 
promoter, DNA encoding the fusion protein, sequences for polyadenylation and 
transcription termination and a selection gene. Preferably, yeast vectors will include an 
origin of replication and selectable marker permitting transformation of both yeast and E. 
coli, e.g., the ampicillin resistance gene of E. coli and S. cerevisiae trpl gene, which 
provides a selection marker for a mutant strain of yeast lacking the ability to grow in 
tryptophan, and a promoter derived from a highly expressed yeast gene to induce 
transcription of a structural sequence downstream. The presence of the trpl lesion in the 
yeast host cell genome then provides an effective environment for detecting transformation 
by growth in the absence of tryptophan. 

Suitable promoter sequences in yeast vectors include the promoters for 
metallothionein, 3-phosphoglycerate kinase (Hitzeman et a!., J. Biol. Chem. 255:2073, 
1980) or other glycolytic enzymes (Hess et al., J. Adv. Enzyme Reg. 7:149, 1968; and 
Holland et ^Biochem. 77:4900, 1978), such as enolase, glyceraldehyde-3-phosphate 
dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucoses- 
phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. Suitable vectors and promoters 
for use in yeast expression are further described in R. Hitzeman et al., EP-A-0 073 657. 

Preferred yeast vectors can be assembled using DNA sequences from pBR322 for 
selection and replication in E. coli (Amp* gene and origin of replication) and yeast DNA 
sequences including a glucose-repressible ADH2 promoter and o-factor secretion leader. 
The ADH2 promoter has been described by Russell et al. (/. Biol. Chem. 258:261 '4, 1982) 
and Beier et al. (Nature 500:724, 1982). The yeast o-factor leader, which directs 
secretion of heterologous proteins, can be inserted between the promoter and the structural 
gene to be expressed. See, e.g., Kurjan et al., Cell 50:933, 1982; and Bitter et al., Proc. 
Natl. Acad. Sci. USA W:5330, 1984. The leader sequence may be modified to contain, 
near its 3' end, one or more useful restriction sites to facilitate fusion of the leader sequence 
to foreign genes. Exemplary yeast expression vectors are PDCY521 and PIXY523, 
described in Examples 1 and 2 below. 

Suitable yeast transformation protocols are known to those of skill in the an; an 
exemplary technique is described by Hinnen et al., Proc. Natl. Acad. Sci. USA 75:1929, 
1978, selecting for Trp+ transformants in a selective medium consisting of 0.67% yeast 
nitrogen base, 0.5% casamino acids, 2% glucose, 10 ug/ml adenine and 20 ug/ml uracil. 

Host strains transformed by vectors comprising the ADH2 promoter may be grown 
for expression in a rich nutrient medium consisting of 1% yeast extract, 2% peptone, and 
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pBC102.K22 (ATCC 67,255) and contain DNA sequences from pBR322 for selection and 
replication in £. coli (Apr gene and origin of replication) and yeast, as described below in 
Examples 1 and 2. 

Purified mammalian fusion proteins or analogs are prepared by culturing suitable 
5 host/vector systems to express the recombinant translation products of the DNAs of the 
present invention, which are then purified from culture media or cell extracts. 

For example, supernatants from systems which secrete recombinant protein into 
culture media can be first concentrated using a commercially available protein concentration 
filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. Following the 

10 concentration step, the concentrate can be applied to a suitable purification matrix. For 
example, a suitable affinity matrix can comprise a MGF or IL-3 receptor or lectin or 
antibody molecule bound to a suitable support. Alternatively, an anion exchange resin can 
be employed, for example, a matrix or substrate having pendant diethylaminoethyl (DEAE) 
groups. The matrices can be acrylamide, agarose, dextran, cellulose or other types 

15 commonly employed in protein purification. Alternatively, a cation exchange step can be 
employed. Suitable cation exchangers include various insoluble matrices comprising 
sulfopropyl or carboxymethyl groups. Sulfopropyl groups are preferred. 

Finally, one or more reversed-phase high performance liquid chromatography (RP- 
HPLC) steps employing hydrophobic RP-HPLC media, e.g., silica gel having pendant 

20 methyl or other aliphatic groups, can be employed to further purify a fusion protein 
composition. Some or all of the foregoing purification steps, in various combinations, can 
also be employed to provide a homogeneous recombinant protein. 

Recombinant protein produced in bacterial culture is usually isolated by initial 
extraction from cell pellets, followed by one or more concentration, salting-out, aqueous 

25 ion exchange or size exclusion chromatography steps. Finally, high performance liquid 
chromatography (HPLC) can be employed for final purification steps. Microbial cells 
employed in expression of recombinant fusion proteins can be disrupted by any convenient 
method, including fireeze-thaw cycling, sonication, mechanical disruption, or use of cell 
lysing agents. 

30 Fermentation of yeast which express fusion proteins as a secreted protein greatly 

simplifies purification. Secreted recombinant protein resulting from a large-scale 
fermentation can be purified by methods analogous to those disclosed by Urdal et al. (7. 
Chromatog. 296:171, 1984). This reference describes two sequential, reversed-phase 
HPLC steps for purification of recombinant murine GM-CSF on a preparative HPLC 

35 column. 
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myristate 13-acetate (PMA). RNA was extracted by the guanidinium CsCl method and 
poly A+ RNA prepared by oligo-dT cellulose chmmatography (Maniatis et al., Molecular 
Cloning: ALatoratory Manual, Cold Spring Harbor, 1982). cDNA was ^ ta- 
pe* A+ RNA essentially as described by Gubler and Hoffman, Gene 25:263-269 (1983^ 
5 The cDNA was rendered double-stranded using DNA polymerase I. blunt-ended with T4 
DNA polymerase, methylated with EcoRl methylase to protect EcoRl cleavage sites within 
the cDNA, and ligated to EcoRl linkers. These constructs were digested with EcoRl to 
remove all but one copy of the linkers at each end of the cDNA, ligated to EcoRl-cut and 
dephosphorylated arms of phage XgtlO (Huynh et al., DNA Cloning: A Practical 
10 Abroach, Glover, ed., IRL Press, pp. 49-78) and packaged into X phage extract 
(Stratagene, San Diego, CA, USA) according to the manufactured instructions. 500,000 
recombinants were plated on E. coli strain C600hfl- and screened by standard plaque 
hybridization techniques using the following probes. 

Two oligonucleotides were synthesized, with sequences complementary to selected 
15 5' and 3' sequences of the huIL-3 gene. The 5' probe, complementary to a sequence 
encoding part of the huIL-3 leader, had the sequence 5 - 
GAGTTGGAGCAGGAGCAGGAC-3'. The 3' probe, corresponding to a region 
encoding amino acids 123-130 of the mature protein, had the sequence 5- 
GATCGCGAGGCTCAAAGTCGT-3'. The method of synthesis was a standard 
20 automated triester method substantially similar to that disclosed by Sood et al., JVud. Acids 
Res 4:2557 (1977) and Hirose et al., Tet. Ult. 28:2449 (1978). Following synthesis, 
oligonucleotides were deblocked and purified by preparative gel electrophoresis. For use 
as screening probes, the oligonucleotides were terminally radiolabeled with 32 P -ATP and 
T4 polynucleotide kinase using techniques similar to those disclosed by Maniatis et al. The 
25 E coli strain used for library screening was C600hfl- (Huynh et al., 1985, supra). 

Thirteen positive plaques were purified and re-probed separately with the two 
hybridization probes. Eleven clones hybridized to both oligonucleotides. The cDNA 
inserts from several positive recombinant phage were subcloned into an EcoRl-cut 
derivative (pGEMBL18) of the standard cloning vector pBR322 containing a polyhnker 
30 having a unique EcoRl site, a BamHl site and numerous other unique restriction sites. An 
exemplary vector of this type, pGEMBL, is described by Dente et al., Nucl. Acids Res 
12 1645 (1983), in which the promoters for SP6 and T7 polymerases flank the multiple 
cloning sites. The nucleotide sequences of selected clones were determined by the chain 
termination method. Specifically, partial EcoRl digestion of XGT10:IL-3 clones 2, 3 4 
35 and 5 yielded fragments ranging from 850 bp to 1,000 bp in size which were separately 
subcloned into the EcoRl site of pGEMBL18. The inserts of the pGEMBL:rhu!L-3 
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the N-terminus of mature rhuIL-3. This fusion to the rhuIL-3 protein allows detection with 
antibody specific for the octapeptide and was used initially for monitoring the expression 
and purification of rhuIL-3. This oligonucleotide also encodes an amino acid change at 
position 15 (AsnlS to Asp 1 *) to alter this N-linked glycosylate site. The underlined 

5 nucleotides in oligonucleotide A represent changes from the wild type cDNA sequence. 
Only the A to G and C to T changes at nucleotides 43 and 45, respectively (counting from 
the codon corresponding to the N-terminal alanine of the mature huIL-3 molecule), result in 
an amino acid change (AsplS). The other base changes introduce convenient restriction 
sites (Ahall and PvuII) without altering the amino acid sequence. The resulting plasmid 

10 was designated pIXY139 and contains a rhuIL-3 cDNA with one remaining N-linked 
glycosylation consensus sequence (Asn 70 ). 

Plasmid pDCY139 was used to perform oligonucleotide-directed mutagenesis to 
remove the second N-linked glycosylation consensus sequence by changing Asn™ to 
Asp 70 . The in vitro mutagenesis was conducted by a method similar to that described by 

15 Walder and Walder, Gene 42:133 (1986). The yeast vector, P IXY139, contains the origin 
of replication for the single-stranded bacteriophage fl and is capable of generating single- 
stranded DNA when present in a suitable (male) strain of E. coli and superinfected with 
helper phage. 

Single-stranded DNA was generated by transforming E. coli strain JM107 and 
20 superinfecting with helper phage IR1. Single-stranded DNA was isolated and annealed to 
the following mutagenic oligonucleotide B, GTC AAG AGTTTA CAG QAC GCA TCA 
GCA AAT G, which provides a codon switch substituting Asp for Asn at position 70 of 
mature huIL-3. Annealing and yeast transformation conditions were done as described by 
Walder and Walder, supra. Yeast transformants were selected by growth on medium 
25 lacking tryptophan, pooled, and DNA extracted as described by Holm et aL, Gene 42: 169 
(1986). This DNA, containing a mixture of wild type and mutant plasmid DNA, was used 
to transform E. coli RR1 to ampicillin resistance. The resulting colonies were screened by 
hybridization to radiolabeled oligonucleotide B using standard techniques. Plasmids 
comprising DNA encoding huIL-3 Asp 70 were identified by the hybridization to 
30 radiolabeled oligonucleotide B under stringent conditions and verified by nucleotide 
sequencing. 

The resulting yeast expression plasmid was designated pDCY138, and contained the 
huIL-3 gene encoding the Aspl5 Asp™ amino acid changes and the octapeptide 
DYKDDDDK at the N-terminus. The final yeast expression plasmid is identical to 
35 pKY138 except that it lacks the nucleotide sequences coding for the octapeptide, thus 
generating mature rhuIL-3 as the product. 
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The GM/IL-3 direct fusion plasmid was used as a template in oligonucleotide- 
directed mutagenesis using methods similar to those described by Walder and Walder, 
supra. The following oligonucleotide was then synthesized 

5 GCCAGTCCAGGAGGGTGGCGGTGGATCCGGCGGTGGTGGATCTGGTGGCGGCGGCTCAGCTCCCATGACCC 

ProValGlnGluGlyGlyGlyGlySerG^ 
GM-CSF >< Linker 

10 This oligonucleotide overlaps the 3' end of GM-CSF by 13 bp but does not include the 
stop codon, contains the Gly Ser linker, and overlaps the 5' end of IL-3 by 13 bp. The 
linker sequence was a modified version of the linker described by Huston et al. (Proc. 
Natl. Acad. Sci. USA 85:5879-5883, 1988) but was optimized for codon usage in yeast as 
per Bennetzen et al. (J. Biol. Chem. 257:3026, 1982). 
15 Single stranded plasmid DNA was made from the GM/TL-3 direct fusion using 

R408 helper phage (Stratagene) and the methods of Russel et al. (Gene 45:333-338, 1986). 
Oligonucleotide directed mutagenesis was then carried out by annealing the above 
oligonucleotide to the single stranded plasmid DNA and transforming yeast strain XV2181 
with annealed DNA as described by Walder and Walder, supra. The yeast vector contains 
20 the origin of replication for the single stranded bacteriophage f 1 and is capable of 
sponsoring single stranded DNA production when present in a suitable (male) strain of E. 
coli and superinfected with helper phage. Yeast transf ormants were selected by growth on 
medium lacking tryptophan, pooled, and DNA was extracted as described by Holm et al. 
(Gene 42:169, 1986). This DNA, containing a mixture of mutant and wild type plasmid 
25 DNA, was used to transform E. coli RR1 to ampicillin resistance. The resulting colonies 
were screened by hybridization to radiolabeled oligonucleotide using standard techniques. 
Plasraids comprising DNA encoding GM-CSF/linker/IL-3 were identified by their 
hybridization to radiolabeled oligonucleotide containing the linker under stringent 
conditions and verified by nucleotide sequencing. 
30 During nucleotide sequencing it was discovered that a mutation had occurred within 

the linker region. The nucleotide sequence TGGTGGATCTGG was deleted (see 
sequence), resulting in the expression of a protein in which the sequence of amino acids 
GlyGlySerGly were deleted. This mutation did not change the reading frame or prevent 
expression of a biologically active protein. The resulting plasmid was designated pDCY321 
35 and expressed the fusion protein huGM-CSF[Leu23Asp27Glu39]/Gly4SerGly5Ser/huIL- 
3[Pro8Asp»5Asp 70 ]. This plasmid was use as described below as an intermediate plasmid 
in constructing fusion proteins comprising MGF and IL-3. 
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35 



« ——MGF 

5-- CCT GAA GAA. TTC TTT AGA ATT TTT -3 



\BcoRI 



and the following 3' PCR oUgonucleotide antisense primer of w^h a pomon is 
complementary to the 3' end of MGF (nucleotides 460-471 of SEQ ID NO 3) ^d 

and Bamffl restriction sites contiguous to the 3' end of MGF: 

, -linker >< — MGF ( 3 1 end) 

5 .- ATA TGG ATC CGG CCC CGC CGG CCC CGT CTC CAG GGG G -3' 
\BaiDHI \SfiI 

Following synthesis, the oUgonucleotides were deblocked and punfkd by preparative gd 
electrophoresis. For use as screening probes, the oUgonucleotides were kmased with T4 
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polynucleotide kinase using techniques similar to those disclosed by Mamaus et * A 
cDNA sequence encoding human MGF-2D which encodes the extracellular region , of 428 
human MGF (amino acids 1-157, described in EP-A-0 423 980, Figure 44) was subcloned 
mt0 a pBluescript SK(-) cloning vector (S«atagene, La Mia, CA). Using ^th^suUmg 
5 P Bluescri P t:huMGF2-D plasmid as a template, the above pnmers were used to * 
3' end of human MGF and to add the linker sequence joining human MGF and IL-3. Fifty 
pMofeachprimer and 50 ng template were combined in ™ b ~^ 
ul water 5 ul 10x standard PCR buffer (500mM KC1, lOOmM Tns-Cl (pH 8.3), 15mM 

10 C, (PH8.3), 5mM MgCl 2 , 0.1% gelatin) (for control) or 5 * 10X * 'P— ^ 
(50mM KC1, lOOmM Tris-Cl, 15mM MgCl 2 , 0.1% gelatin), 8 * 11 25 *™£ 
0 25 ml Taq polymerase. Reactions were performed on an Encomp TwinBlock® 

. *n*lre^ 

for 45 seconds and 72°C for 30 seconds, followed by approxunately 25 cycles of 94 C for 
15 30 seconds, 60°C for 45 seconds and 72°C for 30 seconds and an additional 5 minutes of 

extension at 72<C. Agarose gel electrophoresis of the products of PCR amplificauon 

showed a band corresponding to the 3' end of human MGF. 

The fourth fragment contained sequences encoding IL-3 and part of the linker 

sequence and was excised as a BamHI restriction fragment from pKY321, described 
20 above. This fragment was treated with calf intestinal alkaline phosphatase (Boehnnger 

Mannheim) to remove 5* phosphates. 

The four cDNA fragments described above were combined in a four-way ligation to 
generate the yeast expression vector pKY523, which contains sequences encoding an N- 
terminal FLAG® identification peptide linked to a fusion protein comprising MGF and IL- 
25 3. The sequence of the MGF/IL-3 fusion protein (the N-terminal FLAG® idendftcation 
peptide is not shown) is set forth SEQ ID NO:3. 

Example 2 

r» n ^ir.rion QjlkSiMQF. *»«™ Protein 
30 A fusion protein comprising IL-3 followed by MGF was constructed by combining 

fragments containing regulatory sequences for yeast expression and coding sequences for 
IL-3 and MGF. The first cDNA fragment was obtained by excising a Pstl to Snaui 
restriction fragment from pKY490. This fragment contained most of the 5' end of the 
extracellular region of human MGF. 
35 The second fragment was obtained by excising.a SnaBl to BamHI restnctton 

fragment from the plasmid PKY344 and contained sequences encoding IL-3 and a portion 
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YeastGenedcs, Cold Spring Harbor Laboratory, 1986. 



24 



WO 93/10229 



PCI7US9Z/09848 



Yeast containing the expression plasmid PIXY523 (encoding the MGF/IL-3 fusion 
protein) was maintained on YNB-trp agar plates stored at 4°C. A preculture was started by 
nl.aung several isolated recombinant yeast colonies into 50 ml of YNB-trp growt 
medium (Difco Laboratories, Detroit, MI) (6.7 g/L Yeast Nitrogen Base, 5 g/L casamino 
5 acids (Hy-Case SF®), 40 mg/L adenine, 160 mg/L uracil, and 200 mg/L tyrosine) and was 
grown for 21 hours in a shake flask at 30°C with vigorous shaking. By morning the 
culture was saturated, in stationary phase, at an OD550 of 1 .2. 

The following reagents were prepared to the following concentrations: glucose 
(500 g/L) Hy-Case® SF (Sheffield Products, Norwich, NY) (60 g/L), yeast extract (Difco 
10 Laboratories, Detroit, MI) (200 g/L), peptone (Difco Laboratories, Detroit, MI) (200 g/L). 
yeast feed salts (250 g/L ammonium sulfate, 125 g/L monobasic potasstum phosphate, 
anhydrous, 28.5 g/L magnesium sulfate), ethanol (95%), vitamins (0.02 g/L biotin 2 gj. 
calcium pantothenate, 25 g/L myo-inositol. 5 g/L niacin, 0.4 g/L pyridoxine HC1, 0. g/L 
folic acid, 0.5 g/L choline chloride), trace elements (5 g/L boric acid, 2 g/L cupnc sulfate, 
15 10 g/L ferric chloride, 10 g/L manganese sulfate, 0.5 g/L sodium molybdate, 10 £ anc 
sulfate, 0.5 g/L cobalt chloride), adenine (10 g/L), thiamine (lOg/L), uracil (10 g/L), 

histadine (lOg/L), lysine (15 g/L). 

The growth medium for a 1 liter fermentation tank was prepared by combining 5.0 
g potassium phosphate, 20.0 g ammonium sulfate, 1.0 g magnesium sulfate, 0.1 g calcium 
20 :hioride.0.2mlL61andfoamandwatertoatotalvolumeof650ml. This medium was 
then sterilized by autoclaving in a fermentation tank at 121°C for 30 min. and allowed to 
cool to room temperature. Following sterilization, a nutrient feed was prepared by 
combining the following nutrients (prepared as described above): 10 ml glucose, 83.3 ml 
Hycase® SF, 3.5 ml thiamine HC1, 2.5 ml vitamins, 2.5 ml trace elements, 25 ml adenine, 
25 15rruuraca,12.5mlyeastextract,andl2.5mlpeptone. The yeast seed was then added to 
mefennentationtankandcdturedforaperiodofShours. The yeast was men cultured at a 
temperature of 30X while a nutrient feed comprising 180 ml glucose, 75 ml Hycase SF, 
22.5 ml yeast extract, 22.5 ml peptone, 31.25 ml yeast feed salts, 22.5 ml ethanol 1.25 rrd 
vitamins, 1.25 ml trace elements, 25 ml adenine, 3.0 ml thiamine, 10 ml uracil, 0 ml 
30 hisadine and 10 ml lysine (prepared as described above) was then added continuously at a 
rate of 0.1 1 mVmin for 20 hours, followed by a rate of 0.2 ml/min for an additional 24 
hours The final production medium composition was as follows: 

The resulting yeast broth was centrifuged at 9,000 rpm for 10 minutes. The 
centrifuged supernatant was filtered through a 0.45 a filter and the clarified yeast broth was 
35 collected. 



25 



PCT/US92/09848 

WO 93/10229 

b roth on a FLAG® affinity column as column was prepared 

Biotechnologies,Inc.,NewHaven,CU Bnefty, Tfae clarified crude yeast broth 

andequUibratedwiml^^ 
5 waspumpedoverthecolun.jolowed^ 

MGF/IL-3 fusion protein was eluted from the affinity 
pH 3.0. 

Example 4 

.0 & li riff Bafi gffl^ M.al MM U' Pl i mn "l* "^^ 

cotony formation ^ compared m the f °"°™8 y ^ assaye d by a procedure 
^ptage coiony- and duster— "^fj^ „. ,5:243 (1987). 
s „ bsl aotiaUy —ax to that descnbed » ~j t J 03 ^ agar(Difco , Dero i t M D o r 

0.4% agarose (FMC - se[ine , ^e, 

supplememed wirh-essenmu ^ seroro . Quadruple outturns were 

^ s „dium pyruvate C&bco) w«h 20% of 5% C02 in air. Colonies (> 

m^atedfoxseveadaysinafuuyhamKimeda^osph^ ^ „ 

20 SD^-^^*~r^^a«W) and mumporendal 
ta ,he second assay, «yta»d bTO '« in wffliams e« 

cotony-fbrmmg cells (CFU^EMM, «e« ^ 2 u „ iIS per ml of 

.U^. Bdefly.dupHcare^xlOrnm^nnes™"- w-dMQ0 «MH,; 
^^.hnn^erymropoienn (H^M ^ b ^ teseven daysinafu>., 
3 as a seance rfhura ^« Maxima, don, — hy 

humidified atmosphere of 5% C02, 3% uz foregoing culture 

respectively. colonv-forming activity of MGF, IL-3 

MGF pins IW and fuston «^ f ol .o»ing table: 
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Table A 



Colonies/culture (MeanlS.D.) 



Cytokine 




CFU-OM 


BFU-E 


CFV-GEMM 


Control Medium 




ot 


64±4t 


0.510.3* 


MGF 


3 


ot 


62±2+ 


O.8±0.5 + 


IL-3 


2 


8±1 


10412 


5.3±0.6 


MGF + IL-3 


2+3 


14±1 


98±4 


6±0.5 


PIXY523 


4 


10+2 


13614* 


1411* 




12 


36±2 


158+5* 


3112* 



f = value equal to media control 
* jkO.05 compared to media control 



These data indicate that MGF/IL-3 fusion proteins stimulate erythroid and primitive 
mixed colony formation. PIXY523 had significant BFU-E and CFU-GEMM stimulatory 
activity over controls and over MGF and IL-3 alone and MGF and IL-3 combined. 

Example 5 

Activity of MGF/IL-3 Fusion Proteins in Human Peripheral Blood Expansion Assay 
An experiment was conducted to compare the expansion ratios for human 
hematopoietic progenitor cells expanded ex vivo with progenitor expansion media 
comprising different growth factors or growth factor combinations or media without added 
growth factors* 

Human peripheral blood was obtained from normal, healthy, volunteers via 
venipuncture and collected in a heparinized tube. Mononuclear cells were obtained from 
peripheral blood by density gradient centrifugation on Histopaque® (Sigma, St. Louis). 
The mononuclear cells, containing a population of human hematopoietic progenitor cells 
were washed twice in phosphate buffered saline (PBS) and viable cells counted by trypan 
blue dye exclusion. 

Ex vivo cultures were made from approximately 10 7 viable cells in 10 ml of Super 
McCoys medium supplemented with 20% fetal bovine serum. Cells were cultured and 
expanded in petri dishes incubated at 37°C in an atmosphere of 7% C02, 8% O2, 85% air. 
Culture media were replaced on day 4 with new growth factor(s). 
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Growth factors were added to media at the following concentrations: PIXY321 
(100ng/ml),MGF (1 ug/ml), IL-3 (100 ng/ml), PIXY 523 (1 ug/ml). 

Progenitor cells in culture tend to be nonadherent. For each colony assay, 50% of 
nonadherent cells in each culture were obtained. Cells were separated from media by 
5 centrifiigation, washed twice and viable cells counted by trypan blue due exclusion. 

A CFU-GM assay (Lu et al., Exp. Hematol. 13:989, 1985) measured a myeloid 
component of the progenitor cell population. Viable cells were plated in a methyl cellulose 
cloning media (Terry Fox Labs, Vancouver, B.C.) in the presence of PDCY321 (GM- 
CFU). The number of myeloid colonies were counted and this number was divided by the 
10 number of cells plated into each well to determine a colony-forming capacity (CFC) 
incidence. CFC incidence was multiplied by total cell number to determine CFC number 
per culture. Each CFC number was compared to a day 0 CFC number to determine an 
expansion ratio for each progenitor expansion media tested. 

Myeloid component cell expansion was determined after 4 and 8 days of incubation 
15 with growth factors MGF, IL-3, PDCY321, PKY523 and combinations of these growth 
factors. An expansion number of 1 means that there was no expansion of colony number, 
whereas an expansion number of 2 means that the number of colonies doubled from the 
day 0 number. 

Table B 

20 

Colony Forming Activity of Cytokines Including MGF 
CFU-GM Expansion Index 



Cytokine * Dav4 Day_8 

25 Medium 0.5 0-7 

MGF 1.2 I.I 

IL-3 2.0 3.6 

PKY321 2.2 4.8 

PKY523 3.2 9.2 

30 IL-3 + MGF 2.6 4.2 

PDCY321 + MGF 4.0 7.0 



These data indicate that PKY523 stimulates the production of granulocyte-macrophage 
colony forming cells to a significantly greater degree than the medium control or either 
35 MGF or IL-3 alone or in combination. At day 8, PKY523 also had a greater expansion 
index relative to PKY321 plus MGF. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 
^ (i) APPLICANT: Williams, Douglas E. 

(ii) TITLE OF INVENTION : Fusion Proteins Comprising MGF and IL-3 

10 (iii) NUMBER OF SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Immunex Corporation 

(B) STREET: 51 University Street 
15 (C) CITY: Seattle 

(D) STATE: WA 

(E) COUNTRY : USA 

(F) ZIP: 98101 

20 (v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 



25 



30 



35 



40 



50 



55 



(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: Wight, Christopher L. 

(B) REGISTRATION NUMBER: 31,680 
<C> REFERENCE /DOCKET NUMBER: 0525 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 206-587-0430 

(B) TELEFAX: 206-587-0606 

(2) INFORMATION FOR SEQ ID NO:l: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 906 base pairs 
45 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: CDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: PIXY521 
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(ix) FEATURE; 

(A> NAME/KEY: mat_peptide 
(B) LOCATION: 1..903 

5 (ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..906 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

6CT CCC ATG ACC CAG ACG ACG CCC TTG AAG ACC AGC TGG GTT GAT TGC 48 
Ala Pro Met Thr Gin Thr Thr Pro Leu Lys Thr Ser Trp Val Asp Cys 
x 5 10 15 

TCT AAC ATG ATC GAT GAA ATT ATA ACA CAC TTA AAG CAG CCA CCT TTG 96 
Ser Asn Met lie Asp Glu He He Thr His Leu Lys Gin Pro Pro Leu 
20 25 30 



15 



20 CCT TTG CTG GAC TTC AAC AAC CTC AAT GGG GAA GAC CAA GAC ATT CTG 144 
Pro Leu Leu Asp Phe Asn Asn Leu Asn Gly Glu Asp Gin Asp He Leu 
35 40 45 

ATG GAA AAT AAC CTT CGA AGG CCA AAC CTG GAG GCA TTC AAC AGG GCT 192' 
25 Met Glu Asn Asn Leu Arg Arg Pro Asn Leu Glu Ala Phe Asn Arg Ala 
50 55 60 

GTC AAG AGT TTA CAG GAC GCA TCA GCA ATT GAG AGC ATT CTT AAA AAT 240 
Val Lys Ser Leu Gin Asp Ala Ser Ala He Glu Ser He Leu Lys Asn 
30 65 70 75 80 

CTC CTG CCA TGT CTG CCC CTG GCC ACG GCC GCA CCC ACG CGA CAT CCA 288 
Leu Leu Pro Cys Leu Pro Leu Ala Thr Ala Ala Pro Thr Arg His Pro 
85 90 95 



35 



55 



ATC CAT ATC AAG GAC GGT GAC TGG AAT GAA TTC CGG AGG AAA CTG ACG 336 
He His lie Lys Asp Gly Asp Trp Asn Glu Phe Arg Arg Lys Leu Thr 
100 105 110 



40 TTC TAT CTG AAA ACC CTT GAG AAT GC3 CAG GCT CAA CAG ACG ACT TTG 384 
Phe Tyr Leu Lys Thr Leu Glu Asn Aia Gin Ala Gin Gin Thr Thr Leu 
115 120 125 

AGC CTC GCG ATC TTT GGT GGC GGT GGA TCC GGC GGT GGC GGC GGC TCA 432 
45 Ser Leu Ala He Phe Gly Gly Gly Gly Ser Gly Gly Gly Gly Gly Ser 
130 135 140 

GAA GGG ATC TGC AGG AAT CGT GTG ACT AAT AAC GTA AAA GAC GTC ACT 480 
Glu Gly He Cys Arg Asn Arg Val Thr Asn Asn Val Lys Asp Val Thr 
50 145 150 155 160 

AAA TTG GTG GCA AAT CTT CCA AAA GAC TAC ATG ATA ACC CTC AAA TAT 528 
Lys Leu Val Ala Asn Leu Pro Lys Asp Tyr Met lie Thr Leu Lys Tyr 
165 170 175 



GTC CCC GGG ATG GAT GTT TTG CCA AGT CAT TGT TGG ATA AGC GAG ATG 576 
Val Pro Gly Met Asp Val Leu Pro Ser His Cys Trp He Ser Glu Met 
180 185 190 
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GTA GTA CAA TTG TCA GAC AGC TTG ACT GAT CTT CTG GAC AAG TTT TCA 624 
Val Val Gin Leu Ser Asp Ser Leu Thr Asp Leu Leu Asp Lys Phe Ser 
195 200 205 

5 AAT ATT TCT GAA GGC TTG AGT AAT TAT TCC ATC ATA GAC AAA CTT GTG 672 
Asn He Ser Glu Gly Leu Ser Asn Tyr Ser He He Asp Lys Leu Val 
210 215 220 



10 



20 



35 



40 



60 



AAT ATA GTG GAT GAC CTT GTG GAG TGC GTG AAA GAA AAC TCA TCT AAG 720 
Asn He Val Asp Asp Leu Val Glu Cys Val Lys Glu Asn Ser Ser Lys 
225 230 235 240 



GAT CTA AAA AAA TCA TTC AAG AGC CCA GAA CCC AGG CTC TTT ACT CCT 768 

Glu Pro Arg Leu Phe Thr 
250 255 



Asp Leu Lys Lys Ser Phe Lys Ser Pro Glu Pro Arg Leu Phe Thr Pro 
15 245 



GAA GAA TTC TTT AGA ATT TTT AAT AGA TCC ATT GAT GCC TTC AAG GAC 816 
Glu Glu Phe Phe Arg He Phe Asn Arg Ser He Asp Ala Phe Lys Asp 
260 265 * 270 

TTT GTA GTG GCA TCT GAA ACT AGT GAT TGT GTG GTT TCT TCA ACA TTA 864 
Phe Val Val Ala Ser Glu Thr Ser Asp Cys Val Val Ser Ser Thr Leu 
275 280 285 



25 AGT CCT GAG AAA GGG AAG GCC AAA AAT CCC CCT GGA GAC TAA 
Ser Pro Glu Lys Gly Lys Ala Lys Asn Pro Pro Gly Asp 
290 295 300 

30 (2) INFORMATION FOR SEQ ID NO; 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 301 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ala Pro Met Thr Gin Thr Thr Pro Leu Lys Thr Ser Trp Val Asp Cys 
1 5 10 15 

■ Ser Asn Met He Asp Glu He He Thr His Leu Lys Gin Pro Pro Leu 
« 20 25 30 

Pro Leu Leu Asp Phe Asn Asn Leu Asn Gly Glu Asp Gin Asp He Leu 
35 40 45 

50 Met Glu Asn Asn Leu Arg Arg Pro Asn Leu Glu Ala Phe Asn Arg Ala 
50 55 60 

Val Lys Ser Leu Gin Asp Ala Ser Ala He Glu Ser He Leu Lys Asn 
55 70 75 80 

Leu Leu Pro Cys Leu Pro Leu Ala Thr Ala Ala Pro Thr Arg His Pro 
85 90 95 



He His He Lys Asp Gly Asp Trp Asn Glu Phe Arg Arg Lys Leu Thr 
100 105 no 



906 
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» n „ <-i„ a! a Gin Gin Thr Thr Leu 
Phe Tyr Leu Lys Thr Leu Glu » Ala Gin Ala ^ 

115 X * 

5 Mr - Ala ne 3* gr « - W «j - y «, - 

130 

„ Gly « «, « « « ~ ~ - is ~ ~ ssp val S 

145 

10 wa « v., m, - ~ « - g; - 116 IM " a 5S wr 

165 

u<so r V q Tro He Ser Glu Met 
Val Pro Gly Met Asp Val Leu Pro Ser Hxs Cys Trp ^ 

15 180 

« vax «. « « «- - - mt Mp " u leu » L,s ph * 

195 ^ 0U 

20 »» xx. ~ sl - «. - - » s - Ile 3 " p l,s teu 

210 

„„ Ile « »p s ~ - <- ~ \n aiu 5,1 ser a 

225 

25 MP « W 3 S.r ». <* 3» » g « « - « SI " 

«. «. » » « =. - « g s " Ile ssp * la K tys MP 

30 260 

». « « - s., «. - ~ « *- ~ HI s " Ih ' 

275 280 

35 s« ■» « W» a* ■«. u; ■*» «» p~ » g; <"* 



290 



(2) INFORMATION FOR SBQ ID NO: 3: 

40 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 912 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapxens 



45 



50 



55 



fvii) IMMEDIATE SOURCE: 

(B) CLONE: PIXY523 
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(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1..912 

5 (ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 1..909 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GAA GGG ATC TGC AGG AAT CGT GTG ACT AAT AAT GTA AAA GAC GTC ACT 4 8 

Glu Gly lie Cys Arg Asn Arg Val Thr Asn Asn Val Lys Asp Val Thr 
1 5 10 15 

15 AAA TTG GTG GCA AAT CTT CCA AAA GAC TAC ATG ATA ACC CTC AAA TAT 96 
Lys Leu Val Ala Asn Leu Pro Lys Asp Tyr Met lie Thr Leu Lys Tyr 
20 25 30 

20 GTC CCC GGG ATG GAT GTT TTG CCA ACT CAT TGT TGG ATA AGC GAG ATG 144 
Val Pro Gly Met Asp Val Leu Pro Ser His Cys Trp lie Ser Glu Met 
35 40 45 

GTA GTA CAA TTG TCA GAC AGC TTG ACT GAT CTT CTG GAC AAG TTT TCA 192 
25 Val val Gin Leu Ser Asp Ser Leu Thr Asp Leu Leu Asp Lys Phe Ser 
50 55 60 

AAT ATT TCT GAA GGC TTG AGT AAT TAT TCC ATC ATA GAC AAA CTT GTG 240 
Asn lie Ser Glu Gly Leu Ser Asn Tyr Ser lie lie Asp Lys Leu Val 
30 65 ™ 75 80 

AAT ATA GTG GAT GAC CTT GTG GAG TGC GTG AAA GAA AAC TCA TCT AAG 
Asn He Val Asp Asp Leu Val Glu Cys Val Lys Glu Asn Ser Ser Lys 
85 90 95 

35 GAT CTA AAA AAA TCA TTC AAG AGC CCA GAA CCC AGG CTC TTT ACT CCT 336 
Asp Leu Lys Lys Ser Phe Lys Ser Pro Glu Pro Arg Leu Phe Thr Pro 
100 105 11° 

40 GAA GAA TTC TTT AGA ATT TTT AAT AGA TCC ATT GAT GCC TTC AAG GAC 
Glu Glu Phe Phe Arg He Phe Asn Arg Ser He Asp Ala Phe Lys Asp 

120 125 



288 



384 



115 



480 



TTT GTA GTG GCA TCT GAA ACT AGT GAT TGT GTG GTT TCT TCA ACA TTA 432 
45 Phe Val Val Ala Ser Glu Thr Ser Asp Cys Val val Ser Ser Thr Leu 
130 135 140 

AGT CCT GAG AAA GGG AAG GCC AAA AAT CCC CCT GGA GAC GGG GCC GGC 
Ser Pro Glu Lys Gly Lys Ala Lys Asn Pro Pro Gly Asp Gly Ala Gly 
50 145 150 155 160 

GGG GCC GGA TCC GGG GGT GGC GGC GGC TCA GCT CCC ATG ACC CAG ACG 528 
Gly Ala Gly Ser Gly Gly Gly Gly Gly Ser Ala Pro Met Thr Gin Thr 
165 1 7 0 175 

55 ACG CCC TTG AAG ACC AGC TGG GTT GAT TGC TCT AAC ATG ATC GAT GAA 576 
Thr Pro Leu Lys Thr Ser Trp Val Asp Cys Ser Asn Met lie Asp Glu 
180 185 190 
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5 



15 



20 



r-r-m W CCT TTG CTG GAC TTC AAC 

s s s s = s = a s = " M s " P "° 

195 672 

= r.===ss=ss=s==== " « 
S=a==ss=B5==s5S= 

245 

~mn »rr TTC TAT CTG AAA ACC CTi. 
275 912 

sssssssss=Ss sss 



30 (2) INFORMATION FOR SEQ ID NO: 4: 

fi> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 303 amino acids 



40 



45 



(B> TYPE: amino acid 
( D) TOPOLOGY: linear 

( ii) MOLECULE TYPE: protein 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 4: 
Glu Gly lie C Arj Asn Ar, Val Thr Asn Asn Val Lys Asp Val 

J leu Val Ala « Leu Pro L y s Asp Tyr Me, He Thr Leu - 

val Pro Gly I val ~ « ~ His C y s Trp lie Ser Glu Met 
35 

e to., Thr ASP Leu Leu Asp Lys Phe Ser 
50 Val Val Gin Leu Ser Asp Ser Leu Thr Asp L ^ 
50 

w XX. « «. « - ~ - ^ ~ XX. XX. MP - V f« 
55 l XX. VaX „ »P - - <*• « *° S " Ts 

„ _ x,, s!! *. - « - « « 2i " 
60 100 
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Glu Glu Phe Phe Arg He Phe Asn Arg Ser He Asp Ala Phe Lys Asp 
115 120 125 

5 Phe Val Val Ala Ser Glu Thr Ser Asp Cys Val Val Ser Ser Thr Leu 
130 135 140 



10 



Ser Pro Glu Lys Gly Lys Ala Lys Asn Pro Pro Gly Asp Gly Ala Gly 

145 150 155 160 

Gly Ala Gly Ser Gly Gly Gly Gly Gly Ser Ala Pro Met Thr Gin Thr 

165 170 175 



Thr Pro Leu Lys Thr Ser Trp Val Asp Cys Ser Asn Met He Asp Glu 
15 180 185 190 

He He Thr His Leu Lys Gin Pro Pro Leu Pro Leu Leu Asp Phe Asn 
195 200 205 

20 Asn Leu Asn Gly Glu Asp Gin Asp He Leu Met Glu Asn Asn Leu Arg 
210 215 220 



25 



Arg Pro Asn Leu Glu Ala Phe Asn Arg Ala Val Lys Ser Leu Gin Asp 

225 230 235 240 

Ala Ser Ala He Glu Ser He Leu Lys Asn Leu Leu Pro Cys Leu Pro 

245 250 255 



Leu Ala Thr Ala Ala Pro Thr Arg His Pro He His He Lys Asp Gly 
30 260 265 270 



Asp Trp Asn Glu Phe Arg Arg Lys Leu Thr Phe Tyr Leu Lys Thr Leu 
275 280 285 

35 Glu Asn Ala Gin Ala Gin Gin Thr Thr Leu Ser Leu Ala lie Phe 
290 295 300 
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r j. A IMS 

X. AfusioaproteincomprisingMGFlinkedtoIL-3. 
linker peptide sequence. 

c^pfiL — add, se,ee,ed fions she group consssung of G.y. 
10 Pro. 

4 . a fusion pro* aoeorfing .o Cain. 3, weerein » .eng.h of said Wee 
sequence is 5 to 15 amino acids. 

NO:l and amino acidresidues 1-303 depicted in SEQ ID NO.3. 
6. ADNAsequenceencodingtheptoteinofclaiml. 
20 7 . ADNAsequenceencodmgtheproteinofclaim2. 

8 . A DNAsequenceencodingtheproteinofclaim3. 
25 9 . A DNAsequen«eucodmgmepiotemofclaim4. 

10. ADNA S equenceen«)dmgmeprotemofclaim5. 

30 ra =odlng*cteion P ^isdege«o ra «a S a«ultofU,.g«« 0 c 
! defined in SEQ ID NO:l or SEQ ID NO:3. 



claim 6. 
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13. A recombinant expression vector comprising a DNA sequence according to 
claim 7. 

14. A recombinant expression vector comprising a DNA sequence according to 
5 claim 8. 

15. A recombinant expression vector comprising a DNA sequence according to 
claim 9. 

10 16. A recombinant expression vector comprising a DNA sequence according to 
claim 10. 

17. A recombinant expression vector comprising a DNA sequence according to 
claim 11. 

15 18 A process for preparing a fusion protein comprising MGF and IL-3, 
comprising the step of culturing a suitable host cell comprising a vector according to chum 

12 under conditions promoting expression. 

20 19 A process for preparing a fusion protein comprising MGF and IL-3, 

comprising the step of culturing a suitable host cell comprising a vector according to claim 

13 under conditions promoting expression. 

20 A process for preparing a fusion protein comprising MGF and IL-3, 
25 comprising the step of culturing a suitable host cell comprising a vector accordtng to claim 

14 under conditions promoting expression. 

21 A process for preparing a fusion protein comprising MGF and IL-3, 
comprising the step of culturing a suitable host cell comprising a vector according to claim 

30 15 under conditions promoting expression. 

22. A process for preparing a fusion protein comprising MGF and IL-3, 
comprising the step of culturing a suitable host cell comprising a vector according to claim 
16 under conditions promoting expression. 

35 
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17 untocondiions promoting expression. 

, • i mm ,ini! or inflammatory responses in a 

suitable diluent or canier. 

25 A method for regnianng immnne response, in a mamma., cmnpHsin, 

10 
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